Unexploded Ordnance (UXO) is a major problem in a large number of areas throughout the world and SE Asia is no exception. As most of the older ordnance is of ferrous composition, total field magnetics is an eminently suitable tool for its location.
INTRODUCTION
In SE Asia, like many other parts of the world, land has been contaminated with unexploded ordnance (UXO) through many activities including wars, military training and in some cased, the dredging of sea dumped ordnance.
These UXO items need to be located and removed to make way for infrastructure developments or recreational areas so as to render the area safe for development and the use of future generations.
Work has been carried out in a number of SE Asian countries by the authors over the last three years with total field magnetics and electro-magnetics to locate UXO items for excavation and disposal thus rendering the ground safe for development or habitation.
The two sites that are being discussed include a site infrastructure development site in Hong Kong and a recreational site in Taiwan.
The Hong Kong project was over land reclaimed with sand from the offshore seabed. The area from where the sand was dredged was contaminated with UXO originating from WWII. Ordnance ranged in size from hand grenades to 150mm projectiles. The borrow area had previously been used for sea dumping ordnance. This sand was used to reclaim an area for further development. Geophysics was used to locate ordnance and provide an auditable result of the clearance of the site. As the site was a heavily trafficked area, and disruption to the construction schedule was to be minimised, non-standard techniques had to be used in the data processing to ensure all ferrous objects were located.
The site in Taiwan was a more standard application of total field magnetics; it comprised a beachfront 3.0 kilometres in length and covering an area of 75 hectares. During the project over 4,000 mines (including anti-personnel and anti-tank mines) and 45 bombs were located, a large percentage by total field magnetics.
METHOD
A Caesium Vapour Total Field Magnetometer, the AGS-1 System, was used for these projects. The unit consists of two (or more) Geometrics G-822L magnetometer sensors and preamps, connected to a proprietary acquisition system and hand held data logger.
Photograph 1 -AGS-1 in the field, note the sensor separation on this photo is 0.5 metres.
The line spacing on the surveys undertaken in SE Asia was 1.0 metres and a sampling interval along line of 0.1 metres.
For the surveys undertaken in SE Asia a cotton thread odometer was used to provide positioning control down the survey line and local grids was used. In the case of Hong Kong the grids were later positioned with DGPS.
The data processing software package AGSProc, which was developed by Stephen Lee of AGS, was used for all the ordnance related surveys and it is specifically designed for the location of ordnance type items in the near surface. The AGSProc can model the magnetic dipoles in 2D or 3D and for most of the work undertaken in SE Asia the 3D modelling has been used. A point dipole model is used and the depth, mass and inclination is used to generate a model which best fits the original magnetics anomaly.
The AGSProc software package produces an Interpretation and Excavation Report in a MS Word or MS Excel file format for further input of the 'Source Confirmed' details and is included in the Final Report for the survey. See Figure 1 for an example of an Interpretation and Excavation Report.
The mass on the report is a theoretical mass and can vary depending on the aspect ratio of the buried ferrous body. However in general the calculated depth is usually within 10% of the actual depth of the item. 
RESULTS

Hong Kong
Due to the Hong Kong site being a construction site during the entire period of the survey, there was a large quantity of construction waste lying around on the site. This waste included nuts and bolts of equivalent size and shape of the smaller ordnance items (hand grenades, CS gas canisters etc) being located. Therefore there were significant false alarms in the interpretations however upward of 180 ordnance items were located in the areas surveyed. It should be noted that in most cases the areas were searched and cleaned with conventional methods before the AGS-1 surveys were conducted.
Figure 2 -Example of a Total Field Image
Taiwan
The Taiwan survey was undertaken over a known UXO contaminated site which included six anti-personnel minefields (previously cleared to a depth of 300 mm.) with a large number of other ordnance items from projectiles to 250 lb. bombs.
The site was surveyed and all interpretations which were possibly ordnance character were excavated and disposed of, either on site if they were to dangerous to move or moved to a demolition area for disposal.
A number of passes were made over the sensitive areas such as the minefields to confirm the removal of all items. A number of the sites were heavily contaminated with ordnance and rubbish at various depths and therefore clearance took place as a staged approach.
CONCLUSION
The clients on both these sites recognised the importance of the geophysical surveys in reaching their objectives of making the areas safe for the General Public.
On the Hong Kong site, it would have been impossible to locate the ordnance items without the use of the geophysical survey and its ability to interpret items buried at 3 metres. The geophysics also provided an audit trail of which areas had been surveyed and which had not. This was combined with the drawing files of the site to provide a complete picture of the survey.
On the Taiwan site, the minefields and any other visual surface item was removed before the geophysical survey was undertaken. The geophysical survey was able to locate a large number of deeper buried mines and other ordnance items. Again the survey provided a clear audit trail of the work and what was located by the geophysics.
On both sites, the clients considered the surveys to be successful and would be using the geophysical technique in future on other projects.
